Eosinophil activity in vivo and in vitro was studied in relation to infection intensities and plasma cytokine profiles of 51 Schistosoma mansoni-infected Ugandan fishermen before treatment and 24 h and 3 weeks posttreatment. Blood eosinophil numbers significantly declined 24 h posttreatment, but significant eosinophilia had developed by 3 weeks posttreatment. Cellular eosinophil cationic protein (ECP) content increased significantly during the transient eosinopenia but was significantly reduced 3 weeks later. No similar reduction in cellular eosinophil protein X (EPX) content was seen. Before treatment, S. mansoni infection intensity was positively correlated with 24-h boosts in plasma interleukin-5 (IL-5) and IL-6 levels, which were in turn negatively correlated with the posttreatment fall in eosinophil numbers. Significant correlations were observed between pretreatment infection intensities and plasma IL-10 and eotaxin levels. Treatment induced significant fluctuations in plasma IL-5, IL-6, IL-10, tumor necrosis factor alpha (TNF-␣), and eotaxin levels. Optimal relative release of ECP and EPX in vitro was detected in S. mansoni soluble egg antigen-stimulated cultures during transient eosinopenia. Our data suggest that blood eosinophils are activated during S. mansoni infection and that treatment induces a burst in released antigens, causing increased production of IL-5, IL-6, IL-10, and eotaxin; a drop in TNF-␣ levels; and a transient sequestration of eosinophils, which leaves fewer degranulated eosinophils in the circulation 24 h posttreatment, followed by the development of eosinophilia 3 weeks later. During these events, it appears that preferential release of ECP occurs in vivo. Moreover, it is possible that infection intensity-dependent levels of plasma IL-10 may be involved in the prevention of treatment-induced anaphylactic reactions.
The association between helminth infections and eosinophilia in the blood and tissues of the host has been known for more than a century and is well documented (8, 14, 60) . Helminth-induced eosinophilia appears to be most pronounced during acute infections with tissue-migrating larvae or following the sudden release of antigens from parasites dying either spontaneously or following chemotherapy (8) . The exact role of eosinophils in host protection is still debated, but they seem primarily to be potent effector cells involved in the defense against infective larval stages of parasitic helminths, whereas intact adult worms appear to be resistant to eosinophil attack (44) . Human protective immunity to schistosome infection is acquired very slowly and is associated with a Th2-skewed immune response with high levels of worm-specific immunoglobulin E (IgE) and eosinophilia (22, 28, 29, 30) . In infected populations living in areas where schistosomiasis is endemic, the intensity of infection peaks among older children and declines towards lower levels in adults (38) , even in situations where adults have greater exposure to infection than their children (32) . The slow development of acquired immunity may be associated with the intensity of parasite transmission (69) or age-dependent immune competence (67) , or it may be induced only by antigens that are not exposed to the immune system until the long-living adult worms die (72) . This is supported by previous studies of Zimbabwean children and Kenyan car washers that indicated that treatment of Schistosoma mansoni infections may speed up the process of worm antigen exposure and may thus have a "vaccine or immunizing effect" that renders people more resistant to reinfection (33, 46) . This is supported by data showing that treatment increases the level of worm-specific IgE (22, 70, 71) .
One mechanism by which adult schistosomes avoid the immune recognition system is by coating their outer tegument surface with host antigens such as immunoglobulins, complement components, blood-and tissue-type antigens, and ␤2 microglobulin (13, 25, 59, 63) . As the worm dies, either naturally or following chemotherapy, this defense mechanism breaks down as cells of the immune system, eosinophils in particular, rapidly adhere to the parasite and begin to degrade it (45) . Eosinophils kill the parasite's schistosomula larval stage in vitro by complement-and antibody-dependent cytotoxicity (7) , and eosinophils from S. mansoni-infected donors are more efficient in damaging schistosomula than normal nonactivated eosinophils (66) . From cell-free in vitro experiments, it is known that the two eosinophil-de-rived cationic granule proteins, major basic protein and eosinophil cationic protein (ECP), are particularly involved in this cytotoxic activity (9, 43) .
Treatment of human schistosomiasis rapidly induces eosinophilia (36, 37, 48) and therefore provides an opportunity to study the development of eosinophilia in relation to other immunological events induced by the release of worm antigens after treatment and the mechanisms that prevent systemic posttreatment hypersensitivity reactions, which might be expected to occur in the presence of high levels of circulating worm-specific IgE.
We previously reported that treatment induced significant changes in circulating eosinophil numbers in S. mansoni-infected Ugandan fishermen (24) . In the present study, we examine in detail the eosinophil activity before treatment and 24 h and 3 weeks posttreatment in vivo and in vitro in a subgroup of these fishermen in relation to plasma cytokine levels and infection intensities. In vivo eosinophil activity was estimated from blood eosinophil counts and from cellular content and plasma levels of the two granule proteins, ECP and eosinophil protein X (EPX)/eosinophil-derived neurotoxin. Eosinophil activity in vitro was estimated by ECP and EPX release in antigen-stimulated whole blood cultures. We also examined the role of plasma cytokines in treatment-induced eosinophil responses and protection against hypersensitivity reactions. dom) supplemented with penicillin (50 U/ml), streptomycin (50 g/ml), and L-glutamine (2 mM). Diluted blood was dispensed into 48-well plates (flatbottomed wells; Costar, United Kingdom) and stimulated with soluble worm antigen (SWA) or soluble egg antigen (SEA) (final concentration, 10 g/ml) or incubated with medium alone. Antigens were prepared as previously described (24, 31) . All cultures were set up in duplicate wells, and the plates were incubated at 37°C in sealed boxes after the addition of a "gas-generating kit" (Oxoid Ltd., United Kingdom), providing a 5% CO 2 atmosphere. Culture supernatants were harvested after 4, 24, and 96 h of incubation and immediately frozen at Ϫ20°C. The supernatants were virally inactivated by incubation for 2 h in the presence of 0.3% tri-(n-butyl)-phosphate (Sigma, United Kingdom) and 1% Tween 80 (Sigma, United Kingdom) before being either assayed for cytokines and eosinophil-derived granule proteins or stored at Ϫ70°C until used for protein determination. The assays were not affected by the viral inactivation procedure (data not shown).
Measurements of ECP and EPX. Levels of ECP and EPX in whole blood extracts, plasma, and culture supernatants were measured by two enzyme-linked immunosorbent assay (ELISA) techniques described in detail previously (54, 56) . Both assays are based on a polyclonal sandwich-type ELISA with a biotin-avidinperoxidase amplification step and measure ECP and EPX in the ranges of 15 to 1,000 pg/ml and 30 to 2,000 pg/ml, respectively. ECP and EPX purified from extracts of human blood eosinophils were used as standards. Before measurement, the standards and test samples were diluted in sample buffer (0.1% Tween 20, 0.1% N-cetyl-N,N,N-trimethylammonium bromide, 20 mM EDTA, 0.2% human serum albumin, and 0.1% NaN 3 in phosphate-buffered saline [pH 7.4]).
Cytokine assays. Interleukin-4 (IL-4), IL-5, IL-6, eotaxin, RANTES, tumor necrosis factor alpha (TNF-␣), transforming growth factor ␤ (TGF-␤), IL-10, IL-13, and gamma interferon (IFN-␥) were measured using an in-house sandwich ELISA as previously described in detail (24, 31) . The standard operating procedure for the IL-10 assay, however, was slightly modified compared to the previously reported standard operating procedure, as subsequent studies and retesting of plasma from the same study population indicated that heterophilic antibody activity in a small number of subjects was a source of inaccuracy in the IL-10 determinations. To block this activity, we preincubated the plasma samples with 10% complement-inactivated animal serum consisting of an equal mixture of mouse, rat, goat, and fetal bovine sera. The paired monoclonal antibodies (Abs) (capture Ab and biotinylated detection Ab) used for the assays were as follows: IL-4 (8D4-8 and MP4-25D2; Pharmingen), IL-5 (TRFK5 and JES1-5A10; Pharmingen), IL-6 (MQ2-13AS and MQ2/39C3; Pharmingen), eotaxin (43911.11 and polyclonal goat [catalog no. BAF320]; R&D Systems), RANTES (polyclonal rabbit [catalog no. 551343] and polyclonal rabbit [catalog no. 554678]; Pharmingen), TNF-␣ (Mab1 and Mab11; Pharmingen), IL-13 (JES10-5A2 and B69-2; Pharmingen), IFN-␥ (N1B42 and 4S.B3; Pharmingen), and IL-10 (JES3-9D7 and JES3-12G8). In the TGF-␤ assay, Ab clone 9016 (R&D Systems) was used for capture, and a polyclonal chicken Ab was used for detection.
Standards. Recombinant IL-4, IL-5, IL-6, RANTES, and IL-10 were obtained from Pharmingen. Recombinant eotaxin and IL-13 were obtained from R&D Systems. Recombinant IFN-␥ and TGF-␤ were obtained from Genzyme.
Statistical analysis. Nonparametric statistical tests were used. The Wilcoxon rank-sum test and the Friedman test were used for paired observations, and the Mann-Whitney rank-sum test was used for unpaired observations. The coefficient of correlation was calculated as Spearman's . All calculations were carried out using SPSS package software (Jan Dell Scientific, San Rafael, CA). A P value of Ͻ0.05 was considered significant.
Ethical considerations. At the completion of this study, the entire Bugoigo community was treated with 40 mg/kg body weight praziquantel. Informed consent was obtained from all those who participated in this study, in line with the national guidelines of the Ugandan Ministry of Health, whose ethical review committees approved all the protocols used. 10 6 eosinophils/ml) (P ϭ 0.04; n ϭ 51), and this was followed by a highly significant increase to 0.75 ϫ 10 6 eosinophils/ml (range, 0.04 ϫ 10 6 to 4.49 ϫ 10 6 eosinophils/ml) 3 weeks posttreatment (P ϭ 1.5 ϫ 10 Ϫ6 ) ( Fig. 1A) . Although the eosinophil counts fluctuated significantly, they intercorrelated between the three time points (for pretreatment eosinophil counts versus eosinophil counts at 24 h and 3 weeks posttreatment, ϭ 0.65 and 0.45, respectively [P Յ 5 ϫ 10 Ϫ7 for both]; for eosinophil counts at 24 h posttreatment versus 3 weeks posttreatment, ϭ 0.51 [P ϭ 1.0 ϫ 10 Ϫ6 ]).
The total amounts of ECP and EPX extracted from whole blood also increased significantly 3 weeks posttreatment, with a P value of Յ1 ϫ 10 Ϫ12 for total ECP and a P value of 1 ϫ 10 Ϫ8 for total EPX (Fig. 1B ). There was no change in total amounts of the two granule proteins 24 h posttreatment, despite a significant decline in eosinophil levels in blood. Consequently, the amounts of ECP and EPX per eosinophilic granulocyte differed between the three time points. Twenty-four hours posttreatment, the cellular ECP content increased from 3.74 pg/eosinophil to 4.40 pg/eosinophil (P ϭ 0.005; n ϭ 51), and by 3 weeks posttreatment, the ECP content had declined to 2.72 pg/eosinophil, which differed significantly from the cellular content in samples collected both pretreatment and 24 h posttreatment (P Յ 0.002 for both). There was a small, nonsignificant increase in cellular EPX content in the samples from 24 h and 3 weeks posttreatment (P ϭ 0.12) (Fig. 1C ).
Plasma levels of ECP and EPX changed significantly during the study period but not in parallel. Between pretreatment and 24 h posttreatment, both plasma ECP and plasma EPX levels dropped significantly (P ϭ 0.001 and P ϭ 0.019, respectively). No further changes were seen in plasma ECP levels at 3 weeks; in contrast, there was a significant increase in plasma EPX levels compared with those at both pretreatment and 24 h posttreatment (P Յ 0.027) ( Fig. 1D ). Plasma ECP and plasma EPX levels correlated with the corresponding blood eosinophil counts at all time points (0.496 Յ Յ 0.734 [P Յ 0.006 for all comparisons]). Despite the differences in cellular contents of granule proteins at the three time points, there were significant correlations between eosinophil counts and extracted granule proteins at all time points (data not shown).
Inverse relationship between eosinophil counts and cellular ECP and EPX content. Negative interindividual correlations between eosinophil counts and cellular content of both ECP
and EPX were seen at all study points (for eosinophil counts versus ECP/eosinophil and EPX/eosinophil pretreatment samples, ϭ Ϫ0.333/Ϫ0.459 [P ϭ 0.017/0.001]; for samples obtained 24 h posttreatment, ϭ Ϫ0.496/Ϫ636 [P ϭ 0.0001/ 0.0001]; for samples obtained 3 weeks posttreatment, ϭ Ϫ0.307/Ϫ0.458 [P ϭ 0.028/0.001]). This negative association was also seen for individual donors when the changes in eosinophil counts between time points were correlated to the changes in cellular ECP and EPX content (data not shown).
ECP and EPX release in vitro following stimulation with SEA, SWA, or medium. Release of ECP and EPX in whole blood cultures stimulated with SEA, SWA, or medium alone was monitored. A significant time-dependent release of ECP and EPX was seen in cultured pretreatment blood samples and in posttreatment sample cultures both with and without antigen stimulation (P Յ 2.1 ϫ 10 Ϫ15 for all).
The highest levels of EPX were released in the 96-h cultures of the samples obtained 3 weeks posttreatment, as could be expected from the higher number of eosinophils and the larger amount of total EPX in blood samples at this time point. However, comparable amounts of ECP were released by cultured blood samples from the various pre-and posttreatment time points despite the observed lower eosinophil numbers and total blood ECP levels at the earlier time points than at 3 weeks posttreatment, suggesting that the release of ECP from samples obtained 3 weeks posttreatment was impaired. Normalization of the data, i.e., expressing the amounts of ECP and EPX released as percentages of total blood ECP and EPX levels, modified this overall release pattern between study time points and showed that the greatest relative release of both ECP and EPX was from SEA-stimulated 96-h cultures of blood samples obtained 24 h posttreatment (Fig. 2) . SEA stimulation of these samples obtained 24 h posttreatment released 5.00% of the total ECP compared to 2.83% when the samples were stimulated with medium only and 2.4% when the samples Associations between blood eosinophil counts, pretreatment intensity of infection, and plasma cytokines. Treatment induced significant fluctuations in both eosinophil numbers and plasma cytokine levels. No associations between pretreatment intensities of infection and eosinophil counts in blood were observed. However, a clear trend between intensity of infection and the change in eosinophil count 24 h posttreatment was seen (epg versus eosinophil count for bleed B/eosinophil count for bleed A) ( ϭ Ϫ0.276; P ϭ 0.052). Significant posttreatment fluctuations were observed in plasma IL-5, IL-6, IL-10, eotaxin-1, and TNF-␣ levels. Plasma levels of IL-4 and TGF-␤ increased slowly after treatment, but the increase did not reach significance. No trend or significant fluctuations were seen in plasma levels of IL-13, IFN-␥, and RANTES ( Fig. 3) .
No direct association between eosinophil counts and cytokine levels in the corresponding plasma samples was found, but the eosinophil counts 24 h posttreatment showed significant negative correlations with the relative change in plasma levels of IL-5, IL-6, and eotaxin-1 from pretreatment to 24 h posttreatment ( ϭ Ϫ0.344 and P ϭ 0.015, ϭ Ϫ0.338 and P ϭ 0.021, and ϭ Ϫ0.282 and P ϭ 0.045, respectively). These associations became stronger if the relative changes in eosinophil count, instead of actual counts, were considered and compared to the relative change ratio in the cytokines (for IL-5, ϭ Ϫ0.549 and P Ͻ 0.0001; for IL-6, ϭ Ϫ0.412 and P ϭ 0.004; for eotaxin-1, ϭ Ϫ0.314 and P ϭ 0.025).
A simple partition of the cohort based on the eosinophil response after treatment was made. Those patients who responded to treatment with a significant decline in eosinophil counts were designated "high-eosinophil responders," and those who showed nothing or a minor increase were designated "low-eosinophil responders." Pretreatment eosinophil counts on August 27, 2017 by guest http://cvi.asm.org/ differed significantly between the two groups. The high-eosinophil responders had median eosinophil counts of 0.55 ϫ 10 6 eosinophils/ml (range, 0.07 ϫ 10 6 to 1.09 ϫ 10 6 eosinophils/ ml), and the low-eosinophil responders had eosinophil counts of 0.23 ϫ 10 6 eosinophils/ml (range, 0.05 ϫ 10 6 to 1.113 ϫ 10 6 eosinophils/ml) (P ϭ 0.016). There were no significant differences in either intensity of infection or plasma cytokine levels between the two groups before treatment, except for RANTES, for which there was a small but significantly higher level in the low-responder group (P ϭ 0.041) and a nonsignificant but increased level of eotaxin (P ϭ 0.056) ( Fig. 4) . However, at 24 h posttreatment, there were statistically significant changes in the high responders, in which the decline in blood eosinophil numbers was associated with significant increases in plasma levels of IL-5, eotaxin, and IL-6 and a decline in TNF (Fig. 4) . The levels of these cytokines did not significantly change in the low responders, and no significant change in RANTES was seen in any of the groups. The small but significant posttreat-ment increase in IL-10 in the whole cohort was not significant in either subgroup. The plasma IL-10 levels were related to the pretreatment intensity of infection both before treatment ( ϭ 0.431; P ϭ 0.002) and 24 h posttreatment after a small ( ϭ 0.304; P ϭ 0.032) but significant increase in IL-10. Significant correlations between infection intensities and plasma eotaxin levels were found at all three time points ( ϭ 0.315 and P ϭ 0.029, ϭ 0.366 and P ϭ 0.009, and ϭ 0.314 and P ϭ 0.034, respectively). There was no significant association between the infection intensity and IL-10 levels at 3 weeks posttreatment, when a significant decline in plasma IL-10 levels had occurred. The correlation with eotaxin was still significant at 3 weeks posttreatment, despite a significant decline in levels of eotaxin in plasma.
IL-5 and IL-6 levels in plasma appeared to be related to the treatment-induced, infection intensity-dependent antigen release after treatment, as pretreatment intensities of infection For IL-5, a significant increase (bleed A versus bleed B) followed by a significant decline (bleed B versus bleed C) ‫ء(‬ and §, P Յ 5.0 ϫ 10 Ϫ6 ) was seen; in addition, a significant decline (P ϭ 0.02) was seen when bleed A was compared with bleed C. For IL-6, a nonsignificant increase ‫,ء(‬ P ϭ 0.063), followed by a significant decline (bleed B versus bleed C) ( §, P ϭ 0.016), was seen. For TNF-␣, a significant decline ‫,ء(‬ P ϭ 0.001) was seen. For IL-10, a significant increase ‫,ء(‬ P ϭ 0.025) followed by a significant decline (bleed B versus bleed C) ( §, P ϭ 0.033) was seen. For eotaxin, a significant decline (bleed B versus bleed C) ‫,ء(‬ P ϭ 0.026) was seen. correlated significantly with both plasma IL-5 and IL-6 levels 24 h posttreatment ( ϭ 0.631 and P Ͻ 0.0001 and ϭ 0.318 and P ϭ 0.024, respectively) and the transient relative increase in levels of IL-5 and IL-6 in plasma 24 h posttreatment, compared to the pretreatment levels of these cytokines (for IL-5, ϭ 0.392 and P ϭ 0.005; for IL-6, ϭ 0.317 and P ϭ 0.034).
DISCUSSION
The relationship between eosinophil activity, plasma cytokines, and infection intensities during treatment was examined in S. mansoni-infected Ugandans. The in vivo eosinophil activity was estimated from blood eosinophil counts, cellular ECP and EPX content, and plasma ECP and EPX levels. In vitro eosinophil activity was measured by ECP and EPX release in whole blood cultures. Whole blood assays are feasible under field conditions and allow for direct and indirect interactions between different cell populations. Thus, these assays possibly reflect in vivo activity more closely than assays based on purified cell populations.
Twenty-four hours after treatment, a significant and infection intensity-dependent decline in eosinophil number was followed by significant eosinophilia by 3 weeks posttreatment. A transient infection intensity-dependent decline in peripheral blood eosinophil numbers shortly after treatment suggests that this immediate eosinophil response is dependent on the dose of worm antigen released by chemotherapy. Similar treatmentinduced eosinophil responses have previously been reported for filarial worm infections (1, 16, 18, 26, 41) , but this is the first report of a reduction in circulating eosinophils in response to treatment of schistosomiasis. In contrast, the development of posttreatment eosinophilia has been reported for S. mansoni (36, 37, 48) , Wuchereria bancrofti, and Onchocerca volvolus infections (16, 18, 26, 27, 42, 48) . Interestingly, the eosinophil response to bronchial allergen challenge (5, 15, 20) is very similar to the response induced by treatment of worm infections described above and thus appears to be a ubiquitous eosinophil response when sensitized individuals with Th2skewed immune responses are challenged with specific antigens.
Eosinophil counts correlated significantly with extracted ECP and EPX at each time point, but significant fluctuations in ECP/eosinophil levels were seen. A significant increase in ECP/cell levels occurred during the transient eosinopenia, followed by a significant decline during eosinophilia 3 weeks posttreatment. EPX/cell levels also tended to increase at 24 h posttreatment, but no decrease in EPX/cell levels occurred at 3 weeks posttreatment. Plasma ECP and EPX levels correlated with their corresponding eosinophil counts at all time points but fluctuated differently. The decline in eosinophil counts was paralleled by reduced plasma ECP and EPX levels. However, VOL. 13, 2006 EOSINOPHIL RESPONSE IN S. MANSONI INFECTIONS 589 eosinophilia at 3 weeks posttreatment was accompanied by an increase in plasma EPX levels only, as plasma ECP and cellular ECP content declined. These differences in cellular contents of ECP and EPX in vivo and in changing plasma ECP and EPX levels support previous reports of selective or preferential release of these proteins in vitro (35, 52, 57) . Blood eosinophil counts, cellular EPX content, and serum or plasma EPX levels correlated strongly in this study and in other studies. It has been reported previously that neutrophils may produce minute amounts of EPX (62); thus, the contribution of a small amount of neutrophil-derived EPX to these data cannot be ruled out completely. The negative relationships between eosinophil counts, changes in eosinophil counts, and cellular ECP and EPX content are similar to previous observations of diseases associated with eosinophilia and increased eosinophil activation, such as hypereosinophil syndrome and asthma (11, 40) . Eosinophils from patients with blood eosinophilia, including those with schistosomiasis, are characterized as being hypodense, with reduced ECP and EPX content; as being significantly more helminthotoxic or cytotoxic; or as having a higher relative level of ECP and EPX release than eosinophils from normal individuals (11, 21, 53, 64, 65) . Antigen provocation of sensitized individuals induces both an increased number of eosinophils and a further reduction in cellular density (39) . In S. mansoni-infected patients, enhanced eosinophil activity correlated with the infection intensity (64, 65) , and in patients who are allergic to pollen, eosinophils released relatively more ECP and EPX in vitro when stimulated during the pollen season than they did out of season (10) . This implies that eosinophilia involves an increase in eosinophil numbers and the up-regulation of functional capacities. Our data support the observation that eosinophils are activated during chronic infections, as there was little or no difference in ECP and EPX release in vitro with SWA stimulation compared to medium-only culture, suggesting that further activation does not occur in vitro, despite the fact that SWA stimulates the in vitro release of cytokines with potent eosinophil-activating activities, including IL-3, granulocyte-macrophage colony-stimulating factor, IL-5, and RANTES (24; unpublished observations). The highest relative release was seen in SEA-stimulated cultures. This can probably be ascribed to a direct secretagogue effect of eggderived, eosinophil-activating factors described previously for S. mansoni and Schistosoma japonicum eggs (49) . Surprisingly, the optimal relative release of ECP and EPX was seen 24 h posttreatment, during transient eosinopenia, with a relatively low level of release accompanying the later eosinophilia. Thus, in this case, the association between eosinophilia and up-regulation of functional activity is not seen. This disagreement could be due to the timing of the posttreatment sampling. Following bronchial allergen provocation, peripheral eosinophil counts decline rapidly, reaching nadir within 4 to 5 h (20) , and in those who develop a late asthmatic response, blood eosinophilia develops after 24 h (20, 23, 51) . In filarial infections, a decline in circulating eosinophil numbers occurs within a few hours, reaching nadir at 8 h posttreatment, followed by peak blood eosinophilia between 6 and 14 days posttreatment (1, 26, 41, 42) . Considering the rapid action of praziquantel (12) , the 24-h posttreatment time point may have missed nadir by at least 12 h. Therefore, if eosinophil counts in blood were in fact increasing when sampled, the eosinophil population could have been dominated by fewer degranulated cells newly released from the bone marrow. Similarly, at 3 weeks posttreatment, the peak in the blood eosinophil count may have passed, and the circulating eosinophil population may have been dominated by "exhausted," degranulated eosinophils, as eosinophil counts returned to normal. The data on cellular ECP content, plasma ECP levels, and in vitro ECP release all support this notion. Thus, it is important to discriminate between functional capabilities of eosinophils collected during steady-state eosinophilia, with a constant turnover of eosinophils, and those collected during eosinophilia development or resolution. The idea that eosinophils in a resolving eosinophilia are exhausted may explain the observation made previously by Kimani and colleagues (36) , who noted that by 3 weeks after treatment of S. mansoni infection, the in vitro cytotoxic capacity of eosinophils was significantly reduced, despite pronounced eosinophilia.
Pre-and posttreatment plasma IL-10 and eotaxin levels were significantly correlated to infection intensities before treatment, whereas IL-5 and IL-6 levels were related to the intensity-dependent antigen release after treatment. The link between infection intensity and the eosinophil response 24 h posttreatment appears to be the treatment-induced, intensitydependent boost in IL-5 levels. In addition to its eosinophilopoetic activity, IL-5 has an eosinophil-activating capacity that includes the functional up-regulation of ␤2 integrins (57) . Therefore, IL-5 may cause eosinophil sequestration and give a transient negative correlation between eosinophil counts and the boost in plasma IL-5 levels. A close association between plasma IL-5 levels and eosinophils following treatment of onchocerciasis and lymphatic filariasis (16, 41, 42) , in which increased levels of IL-5 in plasma precede the peak eosinophilia, indicating the importance of IL-5 in production, maturation, and release of eosinophils from the bone marrow, has also been described (16, 26, 27, 41, 42) . No significant associations between eosinophils and plasma IL-4, TNF, IFN-␥, IL-10, TGF-␤, or IL-13 levels were found, despite some increases in posttreatment IL-4 and TGF-␤ levels.
Significant correlations were also seen between eosinophil counts and the 24-h boosts in eotaxin and IL-6 levels. Previously, Gopinath and colleagues (26) did not find similar correlations following filariasis treatment, and the eosinophil response may not be directly linked to the IL-6 boost, which may reflect a general systemic inflammatory reaction induced by released parasite antigens. However, the inverse eosinophil association with the eotaxin boost may be directly related to the eosinophil sequestration, as eotaxin is important in the activation and attraction/migration of eosinophils, and up-regulation of eotaxin has been seen in dermal vascular endothelial cells and mononuclear cells in O. volvolus-infected patients 24 h posttreatment (17, 50) .
There were no differences in pretreatment plasma cytokine levels between the high-and low-eosinophil responders, except with regard to RANTES. However, only the high-eosinophil responder group had significant posttreatment increases in IL-5 and IL-6 and a decrease in TNF-␣ levels. In addition, a significant posttreatment increase in plasma eotaxin levels was observed when this subgroup was tested alone. The low-eosinophil responders, with no posttreatment decrease in blood eosinophils, had significantly higher pretreatment plasma 590 REIMERT ET AL. CLIN. VACCINE IMMUNOL.
RANTES levels than the high-eosinophil responders, suggesting an association between RANTES and the development of eosinophilia. Cooper et al. (17) have also previously reported evidence suggesting that high levels of RANTES in plasma were able to down-regulate eosinophil sequestration. Severe allergic reactions to praziquantel treatment of schistosomiasis are not as frequent as they are following treatment of filariasis, in which such reactions are significantly associated with microfilaria density and fluctuations in circulating eosinophil numbers (4, 16, 61) . Bronchial allergen provocation studies have also shown a close association between eosinophil counts and postchallenge eosinophil fluctuations and the development and magnitude of early and late asthmatic responses (15, 20, 68) . It is not known why schistosomiasis treatment only rarely causes anaphylactic reactions, when parasite antigens are released into the bloodstream in the presence of high levels of specific IgE. Adverse posttreatment reactions did not occur in this study, despite the similarities between the eosinophil responses reported here and those reported after filariasis treatment or bronchial allergen challenge. This may imply that adverse reactions to filariasis treatment are not necessarily directly associated, as previously suggested, to the eosinophil response (1, 16) but may be due to other, coinciding mechanisms, perhaps involving mast cells (19) .
IL-10 is a major anti-inflammatory and regulatory cytokine (3, 47) . It inhibits in vitro mast cell degranulation (58) , which can cause adverse reactions and allergic inflammation in vivo. In vivo expression of IL-10 can be low in allergic individuals, and increases in IL-10 levels after successful immunotherapy have been reported (2, 6) . In the present study, high infection intensity-dependent pretreatment plasma IL-10 levels and the IL-10 boost at 24 h posttreatment are consistent with the hypothesis that severe adverse systemic reactions may be prevented by an anti-inflammatory network that includes IL-10. In addition, the small but significant decline in proinflammatory TNF and even the nonsignificant increase in TGF-␤ could be part of an anti-inflammatory response. However, any regulatory effect of IL-10 may not be directly acting on the eosinophil response.
The results from this study are in line with previous reports of the pre-and posttreatment eosinophil fluctuations and activity in filarial infections and have remarkable similarities with reports of events occurring 24 to 48 h after bronchoalveolar allergen challenge of patients with atopic asthma. Populationbased treatment studies of worm infections provide an excellent model of in vivo regulation and activity of human eosinophils as well as other cell populations, including lymphocytes, neutrophils, and basophils, which are of importance in immunity to, and the pathogenesis of, helminth infections. Knowledge of the mechanisms regulating these cells may provide important information about immune reactions in parasite infection and may assist in vaccine development but may also be of the utmost importance in the battle against allergic and autoimmune diseases.
